Objective. To summarise the results of the past 8 years obtained at the South African Doping Control Laboratory and to compare the results with international statistics.
Introduction
In 1982 the Department of Pharmacology at the University of the Free State was approached by several sports administrators to analyse urine samples from competitors for the presence of prohibited substances. An increasing number of competitors had seemingly turned to the use of drugs in an effort to enhance performance. Analytical procedures were set up for the detection of all chemical substances banned in sport according to the official list of the International Olympic Committee (IOC), 2 which is revised and published annually.
In 1983 urine samples collected at 3 different sporting events were tested for a few stimulants. 1 Since 1984, screening for all banned stimulants and narcotics was performed on all urine specimens collected at sporting events, and from 1986 this included screening for anabolic steroids. [3] [4] [5] Soon thereafter diuretics and β-Blockers were added to the array of testing procedures.
After thorough testing and inspection by the IOC (SubCommission Doping and Biochemistry in Sport), accreditation was granted to the South African Doping Control Laboratory (Department of Pharmacology, University of the Free State) in 1995. The laboratory is therefore authorised to analyse urine samples from international competitors and athletes. Annually each IOC-accredited laboratory must supply the IOC with statistics of the samples they have analysed in order to allow the IOC to construct a global picture concerning doping in sport.
The aim of this study was to summarise the results of the past 8 years of dope testing at the South African Laboratory (from the time IOC accreditation was awarded), and to compare these results with a summary of statistics from the IOCaccredited laboratories.
Method
All urine samples received in the laboratory were screened for all the groups of substances on the IOC list. Each group has its own unique method of analysis as described below:
• Stimulants -alkaline extraction of urine with ether and injection of the extract onto a gas chromatograph equipped with a nitrogen-specific detector.
• Narcotic analgesics -hydrolysis of urine followed by alkaline extraction, derivatisation and gas chromatography with a mass selective detector (GC/MSD).
• Anabolic agents -GC/MSD after deconjugation and derivatisation of the urine extracts.
• Diuretics -methylation of the urine extract followed by GC/MSD.
• β-blockers -after hydrolysis and derivatisation the urine extract is injected onto a GS/MSD (screening for β-blockers is not performed routinely but only for certain events).
The screening procedure results are compared with reference standards and the possible presence of a doping agent and/or metabolite is indicated. Confirmatory analysis must be performed on positive results to provide unequivocal identification of the drug and/or metabolite. 5 During 1995 -1997 the decision whether to test athletes within their code rested with the individual sport federations. The latter were responsible for collecting and dispatching samples to the laboratory, and received the results directly. In 1997 the South African Institute for Drug Free Sport (SAIDS) was appointed and empowered in terms of Act No. 14 of 1997 to be the only body authorised to govern dope testing in South Africa. Subsequently, SAIDS was responsible for all urine collection and result management, thus divesting the individual Sports Federations from any responsibility. From 1998 -2002 all samples were received from SAIDS.
Urine samples were collected from provincial, national and international competitors, including competitors from aboard competing in South Africa. The identity of the competitors was unknown to the laboratory and it was therefore not possible to distinguish between local and foreign competitors. A few samples were received from Namibia, Kenya, Mauritius and Nigeria.
Results and discussion
Approximately 1 500 samples were analysed annually except for the years 1999, 2001 and 2002 (Table I ). In 1999 with the All Africa Games held in Johannesburg, more than 400 samples were analysed over a period of 10 days 6 and this accounted for the increase in the number of samples for that year. The SAIDS expanded their testing programme in 2001 and this accounted for the increase in the number of samples for 2001 and 2002. A total of 14 017 samples were analysed over the 8 years.
The percentage of positive doping cases each year is also given in Table I , fluctuating between 1.49% in 1998 and 3.02% in 1999, with an average of 2.14%. This is higher than the IOC laboratories' average of 1.70% (range 1.61 -1.90%). Table II gives the number of different sports in which competitors were tested. The SAIDS systematically increased the number of sports where testing was conducted, totalling 54 altogether. Table II also indicates that in many sports no competitors tested positive for the use of banned substances.
Urine samples for doping control can be collected from competitors in-competition (immediately before, during or immediately after an event) or out-of-competition (during the training period both during and out of the competitive season). Anabolic agents are considered to be training drugs, that is, drugs taken during the off-season training period so that they will not be present in the body during competition. Out-of-competition testing, where the sampling officer collects competitors' urine samples at home or at the training place, was instituted to curb the use of anabolic agents.
The percentage of samples received from out-of-competition testing locally as well as internationally is given in Fig. 1 . More than 40% of the total number of samples analysed internationally each year were from out-of-competition testing, while this figure is far lower in South Africa. However, there was a large increase in 2002, which is almost equal to the international figure. The percentage of positive samples from local out-of-competition testing is given in Table II. The different groups of substances found in positive samples are given in Fig. 2 . Of the 300 positive samples, almost half (45.4%) contained anabolic agents, while 34.6% contained stimulants and 15% diuretics. Narcotics (1.9%), β-Blockers (1.5%) and 'others' (1.6% -cannabis and masking agents) were found in only a few samples. The IOC laboratories' statistics differ in that more positive samples contained anabolic agents (58.2%), with less stimulants (20.8%) and diuretics (3.8%). The group 'others' positive samples (15%) included mainly cannabis, of which there is a high incidence of use internationally. Cannabis use seems to be not such a big problem in South African sport although it is possible that the sports where such abuse may be widespread were not adequately targeted.
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The main stimulants and anabolic agents identified in positive samples are given in Figs 3 and 4 , where they are expressed as a percentage of the number of positive samples containing stimulants and anabolic agents, respectively. In South Africa as well as internationally the ephedrines (ephedrine, norpseudoephedrine, pseudoephedrine, norephedrine and methylephedrine), which are active ingredients in many medications for flu and coughs and can be bought at pharmacies without a prescription, accounted by far for most of the positive samples containing stimulants. Fencamfamine (Reactivan) was more frequently detected in South Africa than in other countries, while amphetamine, cocaine and caffeine showed up more frequently in other countries. Testosterone and nandrolone accounted for the most positive samples containing anabolic agents, both in South Africa and internationally. In South Africa there is an increasing use of stanozolol. This anabolic agent and methandienone, are not registered products in South Africa and can only be obtained on the 'black market'. In some urine samples 3 or 4 different anabolic agents were identified in the same sample, which shows the extreme to which athletes are prepared to go in an effort to gain advantage from the use of these agents. Although there is severe punishment for competitors who violate the rules (up to 2 years ban from any competition for the use of anabolic agents) they are still prepared to take chances and use banned substances in the hope that they will not be caught.
There is a similarity in the pattern of stimulants and anabolic agents identified in positive doping cases between South Africa and the IOC-accredited laboratories.
The results of this study show that there was a decline in the percentage of positive samples since 1990 -1991 when more than 5% of the samples tested positive. 3 However, the average percentage of positive samples (2.14%) is still higher than the international average of 1.7%. It is still a concern that some of South Africa's top competitors are unaware that medication could contain banned substances, as illustrated by the many samples that tested positive for the ephedrines.
The question may be asked whether the dope testing programme has the desired effect. By way of illustration, the percentage of positive samples obtained each year for 4 different sports is given in Table III 
Conclusion
It is of concern that there has been no decline in the number of positive samples during the past 8 years. It is therefore necessary to continue to monitor the use of prohibited substances in sport. Competitors should realise that there are no short cuts to success. Success can only be earned by disciplined hard work and commitment.
SPORTS MEDICINE
All credit should be given to SAIDS for their expanded programme of testing in South Africa and they need to be fully supported by the South African sporting community. 
